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Fuel Cell Pack Construction 




Wc, Esse Research and E^^G^NEERING 
C0MPANT> a Corporation duly organised and 
existing under the laws of the State of Dda- 
are, United States of Anierica, of Elizabeth, 
5 New Jersey, United States of America, do 
hereby declare the invention for which we 
l»:ay that a patent may be granted to lis, 
and ths method by which it is to be per- 
formed, to be particularly described in and 
10 by the following statement: — 

The present invention relates to improve- 
ments in fuel cdls and has particular applica- 
tion to fuel ceHs wherein nniltiple units are 
to be connected in series. Tb& invention 
15 reates moie particularly to a compact fuel 
cell pack construction adapted to produce 
maximum power for a cell constmctioa of 
minimum size or volume. 
Numerous proposals have been made in 
20 the prior art to build fuel cells capable of 
oxidizing a suitable fuel to produce electrical 
current for power purposes. The principle 
of the fuel all is well established scientific- 
ally, but it has not been developed commerci- 
25 ally for several reasons. Some cf these rea- 
sons are that it has not been foond possible 
to produce electric power in substantial 
quantity at economicai costs^ polarization has 
been escesave, and it has bi^n difficult to 
30 realize theoretical voltages even at low 
current output. At -higber current output, 
voltages have dropped so low in most instances 
that investigators have been discouraged and 
have disccmtinued orts to product 
35 economical comnaerdal fuel cell units. 

Another problem has been that of designing 
a fuel cell construction which will produce 
a substantial amount of power from a umt 
d reasonable size. The coamaercial success 
40 of a fud cell, as of any other power-produc- 
ing device^ depends upm its power output 
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and the ratio of its power output to its size, 
cost and convenience. 

The present invention is designed to im- 
prove the power to volmne ratio of fuel 
cells very substantially. Coupled with other 
improvements which have been made recendy, 
these represent substantial advances towards 
production of a truly commercial fuel cdL 
It is one object of the present invention 
to improve at the same time the compactness 
and performance characteristics of a fuel cell 
which comprises a plurality of fuel electrodes 
and a plurality of oxidizing electrodes. This 
is accomplished by using single or comemon 
electrical conductor means for adjacent fuel 
and oxidizing electrodes which operate separ- 
ately on separate electrolyte contact areas. 
In effect, this puts the adjacent unit cdl 
elements in series coimection so that dieir 
electro-potential output is added in series. 

An additional object is to maintain con- 
tinuaus electrical contact between selected 
electrodes in a fud cell assembly or pack 
at widdy varying temperatures despite 
differential thermal expanaon of the housing, 
dectrodes or other elements. A rdated 
object is to utilize resilient contact dements 
for this purpose. 

Anodier object is to make use of a single 
conduct<ff means or group of means con- 
necting adjao^t fuel and osidiring elec- 
trodes as just described, to serve also as a 
partition, or to be assembled with and sup- 
ported by a partition member to separate 
incoming fud from the air or other oxidizing 
material, each of which thus comes separ- 
acdy into contact with its appropriate dec- 
trode. 

A further <^jea is to provide a plurality 
of dectrical contacts over the entire area 6[ 
electrodes oi substantial surface ai^ so as 
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CO maintam substaadally identical electric 
potential thtou^out tbe entire area: 

Additional objects are the provision of salt- 
able dectncal contacts for maintaimng coit- 
5 tinuous electrical contact vririx and giving 
mechanical support to appropriate electrode 
dements, a novel way of combining such con- 
tacts mth supporting partition elansnts, the 
assembly at the same time being of such 
10 dragn as to permit the free but separate 
passage of fud and air or other cmdizer gas 
to their respective dectrcdes. 

The inventicm will be more dearly under- 
stood by reference to the acoompanying 
15 drawings showing several modificadons. 

* la die attached drawings, Fig. 1 is a 
verdcal fragmentary secdonaj view through a 
multi-unit fud cell illustrating one form of 
the invention; 
20 Fig. 2 is a detailed view, highly magnified 
indicating a hypothetical operation of a cell 
for illustrative purposes; 

Fig. 3 is a fragmentary vertical sectional 
view through a .modified cell; 
25 Fig. 4 is a firagmentary -front devational 
view of a conductor-partition dement formed 
with resflient prcmberances for cont^ with 
fud cell dcctrode dements; 

Fig. 5 is a transverse sectional view taken 
30 subsontially along the line 6—6 of Fig. 4; 
Fig. 6 represents another modification 
showing fud cdl dectrodes having their 
dectrclyte contact faces treated to sub- 
stantially increase effective surface area; 
35 Fig. 7 is a fragmentary sectional detail 
showing another form of conduaor and elec- 
trode contact construction; 

Fig. 8 is a fragmentary perspective view 
of the device of Fig 7 showing only one of 
40 die dectrode contact dements; 

Fig. 9 is a fragmentary sectional view 
showing another form of resilient dectrode 
conducmr and partition element construction; 
and 

45 Fig. 10 is still another fragmentary sectional 
view showing a further modification. 

Referring first to Fig. 1, riiere are shown* 
a plurality of oxidizer or air dectrodes 11 
and a plurality cf fud dectrodes 13. In 

50 this instance, three of each are shown, but 
other numbers can be used and usually the 
total will be much greater as will be obvious. 

Between each pair of dectrcdes 11 and 13 
which comprise a unit cdl, a suitable dectro- 

55 lyte 15 is contained. This dectrdyte may 
be of any conventional typ^ either alkaline 
or addic or in some cases rdativdy neutral 
in pH. If the ootidatioik of fud involves pro- 
duction cf carbon dioxide as it does where 

60 hydrocarbon or other carbon containing fuds 
are consumed, the electrolyte should of a 
type which will reject and not absorb the 
carbon dioxide Hence, it will be mentioned 
herein as an addic type dectrolyte 15 which 

65 may, for example a scduticHi of sulfdnc 



add or other suitatde acid. It will be under- 
stood that other carbon dioxide rejecting 
electrolytes may also be used in some cases, 
e.g carbonate^ bi-carbonate solutions, mix- 
tures, etc. 70 

Between each fud dectrode of one cell 
and the oxidizer dectrode of the next 
adjacent cell in the multi-cell imit, there is 
piaced a partition 21. There are two of 
these shown in Fig 1 and since they are »5 
identical, only one need be described The 
partition consists of a continuous sheet com- 
posed of or containing a core or web of 
electrically conductive material such as metal, 
e.g. copper, bras% aluminum or silver-plated ^ 
copper, which is embossed or drawn into a 
waffle-like pattern having dcctrically con- 
ducting protuberances 23 and 25 on its respec- 
tive faces. These protuberances extend respec- 
tively into dectrical contact with the oxidizer °5 
dectrode 11 and the fud dectrode 13 so 
Aat any voltage potential on these dectrcdes 
will be identical with that on the partiticmr 
conductor monber 21. The promberances or 
contacts 23, 25 are resilient so as to maintain ^ 
good contact at vndely varying temperatures 
which might cause rdative movement due to 
differential expansion of elements of the fuel 
cell, e.g. the housing, the dectrodes, or their 
supports, etc. 95 

It will be understood that the partition 
member 21 is so formed that the oxidizer, a 
fluid which is preferably air or oxygen but 
may be other gaseous or even liquid material, 
can pass fredy dong and in contact with 
an dectrode 11 while a separate fluid fuel 
such as hydrogen, hydrocarbon in liquid or 
vapor form, or alcohol liquid or vapors, can 
pass fredy in contact with the nm adjacent 
dectrode 13. The fud and oxidizer are of 1^5 
course kept separated by the partition 21. 
With this arrangement it will bs apparent that 
the dectro^otential output of the left cdl 
unit from a to & will be in series with the 
potential of the next unit cell and the latter, 110 
in turn, wiU be in series with the potential 
of the nest unit cdl &cm c to Hence, the 
three-cdl cmbinaticn will produce a voltage 
a — d equal to the combined potential of the 
three imit cells. It will also be understood 115 
that the number of such cells may be in- 
creased almost indeflnitdy to build up voltage 
to a desired levd. A plurality of multi-cdl 
xmits or cdl packs may in rum be also ccm- 
nected in paralld if desired, so as to multiply 120 
tbe mtpat current as wdl as the voltage n> 
any extent required. 

With the construction just describee^ the 
electrodes 11 and 13, whidi are commonly 
formed primarily of thin and often frangible 125 
materials such as sheets of porcus carbon, or 
carbon and/or metal impregnated plastic 
sheets, will be supported structurally by the 
partitions and by each other. Furdiennore, 
no external dectrical connecDOHS in the whole 130 
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cell pack will be required except at the outer 
(X terminal electrode elements such as a and 
d By the use of thin plates of carbon or 
equivalent material for electrodes, and thin 

5 metal or metal coimected partition-conductor 
elements, embossed only to sufficient depth 
to provide for passage of fuel and oxidant 
respectively, the multi-cell unit may be very 
compact For example, the electrodes, e,g. 

10 carbon plates, may be of the order of 1/16" 
or so in thidcness or in the range of about 
0.05 to O.IO'^ with ordinary matenals, and 
the partitions may be of eveii lesser thickness. 
The electrolyte layers lifcevdse may be very 

15 tfiin so that a large niunber of cell units may 
be packaged within a relatively small volume. 
These electrolyte layers are shown as liquid 
filed spaces, and spacers are preferaby pro- 
vided to support the rather fragile electrodes 

20 while not displacing the electrolyte to any 
substantial extent from the electrode surfaces. 
Inaead of liquid, the electrolytes may be of 
odier types such as impregnated porous 
materials. By choice of suitaWe construction 

25 and use of electrode materials which are less 
frangible than carbon plates, such- as impreg- 
nated plastic or fabric sheets, even further 
reduction in thiclaiess can be achieved. 
Referring now to Fig. 2, a small fragment 

30 iSa of a foel electrode is shown? for iUustra- 
rive purposes and not by way of limitation. 
TTie plate 13a has a pore I3b of such 
diameter that gaseous or liquid fuel will pass 
into the pore against the opposing surface ten- 

35 sioit or pressure of the dectrolyte which as 
shown here forms a msniscus 13c. If the 
pore 136- is assumed to be of proper si^, 
capillary action due to surface tension and 
wetting properties of the electrolyte will not 

40 <irive the electrolyte too fer into the body of 
the electrode, and a three-point or three-ele- 
ment contact between a particle or site of 
catalyst I3d, the fuel in the pore opening, 
and die electrolyte meniscus 13c may be 

45 established, say at points x and y. This 
may be assumed tc result in a reaction which 
causes electron displacement and also pro- 
duces a particle s of carbon dioxide (with 
carbonaceous fuel). Such particles of GO- 
SO may dif&ise through the electrode or may 
coalesce and form bubbles which may rise in 
the electrolyte and pass out of the system. 
Suitable catadysts are known in the art and 
various catalytic materials can be used, as is 

55 -well understood. It vrill be understood that 
the details of Fig. 2 are illustrative only 
and not limiting as to theory or principle of 
operation. 

In order to keep the fuel oeQ iterating 
60 efficienriy, an excess of oxidizing gas — air is 
usually preferred — normally wiU be passed 
through the cell: Also an excess of fuel 
may be passed along the other side of each 
partition 21, tl^ fuel of coarse being re- 
65 cycled to prevedt waste as shown by legend 



in Fig. 1. The detailed means for directing 
producing and controlling the flow of fuel 
and of oxidant form no part of this inven- 
tion. 

Fig. 3 shows a somewhat similar arrange- 70 
ment to Fig. 1 but with only two adjacent 
pairs, respectively, of oxygen or oxidizer 
electrodes 31 aiKi fuel electrodes 33. Between 
these are placed partition-conductor elements 
35. These elements 35 are formed of, or 75 
comprise electrically conductive deformable 
sheets embossed on both sides with pmtuber- 
ant elements 37, which establish and main- 
tain electrical contact with the adjoining 
electrode. At the same time, the enibossed 80 
constructicn permits passage of gaseous or 
vaporized fuel along the face and through the 
porous body of the fuel electrode 33 and 
passage of air or other oxidizing gas along 
and tircugh the oxidizer electrode 31. The 85 
elements 37 are resilient to maintain good 
contact. The air or oxidizer fluid may be 
drawn liirough the ceil and into a duct 39 
connecting to a suitable evacuating pump^, 
or it may be forced into the cell, e.g. from 90 
an opposite direction as may be desired, 
Lilswise, the fuel may be supplied through a 
duct 41 and as mentioned above, may be and 
•preferably is recycled when, supplied in excess. 
It may be desirable to supply fuel in excess 95 
and to recycle it through a suitable heat 
exchanger, not shown, to control the fuel 
cell temperature. 

Iii Fig. 3, the two electrodes of each of 
the fuel cells shown, which cdls will be uiuler- 100 
stood to be only part of a series (additional 
imits not being shown), are separated by the 
electrolyte layer 43. The electrolyte, shovm 
as a Uquid in this instance, n^iy be supplied 
or withdrawn through line 44 to keep it at 105 
proper level. The voltages produced by the 
separate individual cell units which are shown 
oiily incompletely, are additive. That is to 
say, the cell imits here again are connected 
in series and conductor leads need to be 110 
attached only to the end electrodes of the 
cell package or multinmit. 

In all ±e embodiments so far described, 
the embossings or grid formations are pre- 
ferably such as to insure good circulation of 115 
the fluid, oxidizer or fuel, to all parts of the 
electrodes. They may be pattenied so as to 
assist in directing the flow. 

Fig. 4 shews a face or devarional view 
of a partition 72 which is so embossed as to 120 
make a plurality of soaced protuberances 71» 
each of which is flexible and resilient. This 
is done by taking a thin flat plate 72, e.g. 
a resilient metal foil, and pressing it iii suit- 
able dies to form a series of concentric de- 125 
formations 71, each having a top inner drcle 
or cap element 73, which actually makes con- 
tact with an electrode surface. The cap is 
surrounded by a sloping annular surface 74 
and that surface, in turn, is surrounded by a 130 
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relatively depressed anniilar surface 73. Addi- 
tiofual fdds may be made in. the metal, if 
desired, by additional concentric lines erf de- 
fMmarion, so as to accomplish the pnrpose of 

5 having these elements quite recent and 
flexible. The whole amstmcdoa should be 
lig^t ia weight aiid inexpensive, consdsfieot 
widi liquid tight and dectric conductivity 
requirements. With this arrangement, a thin 

10 metal such as a fairly heavy aluminum, brass 
or copper foil, or otiier very thin sheet 
material cf suitable conductivity and resilience 
may be formed to serve as a combined 
etectrcde contactor and partition. In use, the 

15 caps 73 are pressed resiUendy against the 
adjoining etectrcde surfaces so as to m a in ta iT i 
good electric contact at all times, even when 
the cell operating temperature changes and 
differential expansion of various cell elements 

20 occurs. 

As shown in Figs. 4 and 5, the protuber- 
aiices 73 project primarily &om one face 
of the metaL In between theses other pro- 
tuberances 76 project rearwaitily. Fig. 5. 

25 These are similar but reversed in direction 
so as to afford a space on either side of 
die sheet for die passage of the fuel or 
oxidizer as may be required, to the appropri- 
ate electrode. Hie reversed embossings have 

30 doping and more or less conical surfaces 77 
similar to dements 74 and concentric anmilar 
depressions 78. 

The pattern of the embossing just des- 
cribed may be altered to direct flow or dis- 

35 tribute flow as needed so as to msure eflfcient 
utilization of the whole electrode surface. If 
desired, the embosang pattern may fonB 
divergent patterns from the fuel or oxidizer 
inktv for example, to lead the reactant 

40 material readily to cover the whole electrode 
surfaces. The flow space on either side of 
plate 72 may be equal or unequal, depending 
on fuel and* air flows. 
Referring to Hg. 6, there is shown an- 

45 other arrangement which is essentially like 
Hg. 3, except that the dectrcdes 81 for the 
air and 83 for the fud are formed with findy 
serrated: surfaces to increase very substantially 
thdr surface area. Such cuttiiig or serrating 

50 operations may impair the strength of dec- 
trodes, giving need for lateral support, but 
they also quite substantially increase the 
surface area. Therefore, their design increases 
the current which can be prodncsd from a 

55 given dectrcde. Thus, if the angle of the 
grooves 85 is il as shown in Kg. 6, and die 
distanre between adjacent serrations is D, 
the surface area is mcreajsed by a factor of 
A, " 

D/Sitt — . D is preferably very small, smce 
2 

60 the thin carbon dectrodes cannot be deeply 
grooved. If the angje A then is 40** for 



A 

ezam^de^ — is 20** and the sine of diis ang^e 
2 

being about 0.34 means that the surface area 
wfll be multiplied by approximatdy a factor 
of 3, It will be appreciated that this does 6S 
net necessarily m^an diat the current output 
will be increased three-fold since porosity of 
tte dectrode and availability of catalyst sites 
thereon are also important factors. However, 
the bacloDg of conduaor elements having 70 
dosdy spaced protuberances such as indicated 
at 87 and 88, l:^ plates 89, gives the needed 
structural support to these dectrodes, carries 
away the current widi minimal losses, and 
makes their use feasible where in xnany other 75 
situations they could not be employed at all. 

Figs. 7 and 8 shew another arrangement 
of esaggerated thickness where adjoining 
osi<£zer dectrcde 91 and fud electrode 93 
are contacted by resilient contact dements 80 
95 mounted in a fluid tig^t partition element 
97. The latter may be itself a conductor or 
not, but it is provided with conductive con- 
tacts 95 which connect the electrodes together. 
Since no outside connections are needed, 85 
except at terminal electrodes of a cell pack, the 
dements 95 need be adequate only to carry 
the current from one dectrode to the next 
with minimal resistance. A terminal con- 
ductor would connect all members 95 together 90 
vrith a conductor dement. 

Another modification is shown in Hg. 9 
wfcerdn two pairs of adjoining air and fud 
dectrodes 101 arid 103 are connected respec- 
tivdy to the appropriate neighbor dectrode, 9- 
tiie assembly including fluid tight partition; 
members 105 equipped with a number of 
spaced conductor danents consisting of light 
resilient cofl springs 107. These spring 
members are readily compressible and they 100 
give lateral support to the dectrodes as well 
as providing for good electrical equalization 
and discharge of ±e voltages and currents 
produced in die cell units. In other respects 
die arrangement here is the same as in iRgs. 105 
1, 3 and 6. 

Finally, in Fig. 10, there is shown an 
alternative arrangement related to that of 
Figs. 7 and 8, except that here the fluid ti^t 
partitions 111 are eqm'pped with folded or 110 
U-shaped contacmrs 112, each adapted to 
press lightiy against adjacent fud dectrodes 
113 and oxidizer dectrcdes 115. The arrange- 
ment is such that fud can pass through die 
space 117 to the fuel electrode and air or 115 
ether oxidizer along space 119 to the oxidizer 
deciroife. The dectrolyte in space 121 cmics 
the ions which produce currait in the middle 
cell unit Only half ceU um'ts are shown at 
left and right. It will be understood that 120 
suitable fud and air connections will be pro- 
vided and that partitions 111 are arranged 
to prevent mixture of fud and oxidizer ^iudi 
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would destroy the effectiveness of the ceL 
Also in Fig. 10 are shown spacer dements 
123 adapted to give lateral suppwt to the 
electrodes wi±out materially decreasing the 

5 contact between the electrolyte and the elec- 
trodes. These elements contribute substanti- 
ally to the ruggedness of a fuel cell assembly, 
particulady when used in mobile apparatus or 
in locations where ezcessivs vibration may be 

10 expected. 

WHAT WE CLAIM IS : — 

1. A fuel cell pack comprising a plurality 
of cells, each comprising a fuel, electrode, 
an caddizing electrode and electrolyte, arraiiged 

15 with electrodes of opposite polarity of adjacent 
cells juxtaposed to each other, and a separate 
and demountable partition separating each 
pair of adjacent cells, forming separate fluid- 
tight channels for the fi^ and oxidizii^ 

20 medium between the partition and the appro- 
priate electrode, each such partition comr 
prising realiently deformabk lateral memr 
bexs dectrical conducttxig material on eadi 
side thereof adapted to contact the electrodes 

25 and provide a cmrent conducting iiok 
between the said electrodes. 

2, A fud cdl pack as claimed in daim 
I wherein a plurality of lateral members is 
provided on each side of the partition to con- 

30 contaa each of the electrodes at a plurality of 
points over its while surface area and aUow 
free access of the fuel or oxidizing medium 
over substtntiaUy the entire surface of the 
electrode. 

35 3. A fad cell pack as claimed in daim 1 
or claim 2 wherein the partition comprises 
a sheet of conducting material having a 
plurality of protuberances on each side there- 



of, said protuberances being adapted to con- 
tact the respective dectrcdes, 40 

4. A fud cell pack as claimed in daim 3 
wherein the said protuberances are embossed 
in the sheet of conductive materiaL 

5. A fud cdl pack as daimed in claim 1 

or claim 2 wherein the said lateral members 45 
are resilient leaf spring or coil spring mem- 
bers of conductii^ material. 

6. A fud cell pack as daimed in claim 1 
or daim 2 wherein the partition member is of 
nonconducting material and compiles a 50 
plurality of conducting contacting dements 
connected tc^ether in pairs on dther side 

of the partition and adapted to contact said 
electrons and provide electric conductive 
ccimection between them. 55 

7. A fuel cell pack as daimed in dakn 
6 whaein the said lateral members are 
protuberances of conducting material on each 
face of the partition connected with each other 

in pairs through the partition^ 60 

8. A fud cell pack as daimed in claim 6 
wherein the said lateral members are resilient 
mendsers, e.g. leaf springs or coil springs on 
each side of said partition and connected to 
each other in pairs through said partition. 65 

9. A fud cell pack as claimed in any of the 
preceding claims wherein the face of the 
electrodes contacting the electrolyte is serrated 
or ribbed to increase the effective surface area 

in contact with the ekctrolyte. 70 

10. A fuel cell pack substantially as herein- 
bef<u:e described and illustrated in the acccnxi- 
panying drawings. 

K. J. VERYARD, 
50, Stratton Street, W.l, 
Agent for the Applicants. 
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